Asymmetric Synthesis of Secondary and Tertiary Propargylic Alcohols by Umpolung of Acetylenic Sulfones and ortho-Sulfinyl Carbanions by Rodríguez, Ricardo I. et al.
Repositorio Institucional de la Universidad Autónoma de Madrid 
https://repositorio.uam.es  
Esta es la versión de autor del artículo publicado en: 
This is an author produced version of a paper published in: 
      Journal of Organic Chemistry 83.4 (2018): 1940–1947                              
DOI:   http://dx.doi.org/10.1021/acs.joc.7b02887 
Copyright: © 2018 American Chemical Society
El acceso a la versión del editor puede requerir la suscripción del recurso 















tion  proceeds  through  an  unusual  α‐attack  (anti‐Michael 





















been described  for  the  synthesis of  these  important pro‐
pargylic alcohols. One route  thereto  involves  the enanti‐
oselective reduction of the carbonyl moiety (equation a). 
Unfortunately, this synthesis is unpractical because of the 







ten  associated with high  catalyst  loadings,  long  reaction 
times, and large reagent excesses.6 Most of these methods 
also require the use of transition metals for the formation 
of  the Csp‐Csp3 bond, which  is often  considered  to be  a 
handicap  by  pharmaceutical  companies,  especially  for 
large‐scale syntheses.7









2with  the  carbanion derived  from  the optically pure pro‐
tected o‐(p‐tolylsulfinyl)benzyl  alcohols9  shown  in  equa‐















ing  base  (entry  1).  The methyl  and  the  TBDMS  showed 
good reactivity, but the observed diastereomeric ratio was 

































Entry PG Base d.r.b Yield (%)c
1 MOM LDA >98:<2 68-3a
2 Me LDA 66:33 45-3a´
3 TBDMS LDA 91:9 60-3a´´
4 MOM KHMDS -- --
5 MOM LHMDS -- --
Entry 2 (R1) d.r.b Yield (%)c 
1 Ph >98:<2 68-3a
2 3,5-(CF3)2-C6H3 92:8 62-3b
3 4-Cl-C6H4 92:8 45-3c
4 4-CH3O-C6H4 96:4 68-3d
5 3-Thienyl >98:<2 50-3e
6 1-Naphthyl 97:3 60-3f
7 n-Bu n.r. - 










































































Entry 3 (R1) 4 (R2) d.r.b Yield (%)c 
1d Ph Ph 60:40 25-5a/5a´ 
2 Ph Ph 80:20 56-5a/5a´ 
3 Ph m-MeO-C6H4 80:20 68-5b/5b´ 
4 Ph p-CN-C6H4 86:14 71-5c/5c´ 
5 p-MeO-C6H4 Ph 70:30 50-5d/5d´ 
6 TIPS m-MeO-C6H4 >98:<2 51-5e 
7 Ph  -CC-CH3 55:45 52-5f/5f´e 
8 Ph  CH=CH2 70:30 64-5g/5g´e 
9f Ph H 80:20 56-5h/5h´






We then  focused our attention  in  transformations on 























3), which  is  in  this  latter  case  in  the presence  of  crown 
ether.  The  naked  carbanion  formed  with  KHMDS/18‐
crown‐6  ether  (K  should  be  sequestered  by  the  crown 
ether) will adopt  the planar sp2 structures TS‐3 and TS‐4 
depicted  in Scheme 5. The sulfinyl group adopts an anti‐
arrangement  with  respect  to  the  carbanionic  carbon, 
adopting the most stable conformation form from the elec‐
trostatic point of view. Whereas the conformation towards 
the  carbanionic  carbon  must  be  controlled  by  steric 
ground, where  the  lone electron pair may  interact either 
with  the  triple  bond  (TS‐3)  or with  the methoxymethyl 
group  (TS‐4). The approach of  the electrophile  from  the 
upper  face of carbanion TS‐3 and TS‐4,  is clearly  favored 
because  its  steric  interactions with  the p‐tolyl group  are 
avoided. The delicate steric balance between TS‐3 and TS‐
4  (SOTol/CC‐R1  vs  SOTol/MOM)  induces  a  significant 
change  in  the  final observed  stereochemistry. Therefore, 
when a phenyl ring was tested as substituent of the triple 
bond (entries 2‐4, Table 3), there were found diastereose‐











tween  an ortho‐sulfinylated benzyl  carbanion  as nucleo‐
phile and an arylsulfonylacetylene as electrophile,  repre‐
sents an attractive approach for the generation of diaster‐













General considerations: All moisture-sensitive reactions were 
carried out in flame-wired glassware equipped with rubber 
septa under a positive pressure of argon and monitored by TLC. 




400 mesh ASTM). Melting points were determined in open ca-
pillary tubes and are uncorrected. The optical rotations were 
measured at room temperature (concentration in g/100 mL). 
The NMR spectra were acquired in CDCl3 solutions at 300 and 
75 MHz for 1H and 13C NMR, respectively. J values are given 
in hertz. The diastereomeric excesses were determined by 300 
MHz 1H NMR spectroscopy. The mass spectra were obtained 
on a JEOL-JMS-T100LC and JEOL-JMS-700 apparatus. All 
described compounds were over 97% pure by NMR analysis. 
 
(S)-1-((Methoxymethoxy)methyl)-2-(p-tolylsulfinyl)ben-
zene 1a.  
Method A: To a stirred solution of (S)-(2-(p-tolylsulfinyl)phe-
nyl)methanol 118 (500 mg, 1.64 mmol, 1 equiv) in dry dichloro-
methane (20 mL) at 0 ºC, DIPEA (0.88 mL, 4.92 mmol, 3 
equiv), NaI (50 mg, 0.328 mmol, 0.2 equiv) and MOMCl (0.186 
mL, 2.46 mmol, 1.5 equiv) were added successively. The result-
ing mixture was stirred at rt for 10 h. Then, a saturated solution 
of NaHCO3 (15 mL) was added and the reaction was neutralized 
with a solution of 10% AcOH (10 mL). The organic phase was 
dried (Na2SO4) and concentrated. The residue was purified by 
flash column chromatography using EtOAc/hexane 1:4 as elu-
ent to produce 1a as a colorless oil (483 mg, 82%).  
Method B: To a stirred solution of 1-bromo-2-[(methoxymeth-
oxy)methyl]benzene (2.2 g, 9.52 mmol, 1.1 equiv) in THF (200 
ml) at -78 ºC under argon atmosphere, was added a solution 2M  
in hexanes of n-BuLi (4.76 mL, 9.52 mmol, 1.1 equiv). After 
40 min, a solution of (S)-menthyl sulfinate (2.54 g, 8.65 mmol, 
1 equiv) in THF (50 mL) was added via cannula. When the re-
action was completed (30 min), the mixture was hydrolyzed 
with saturated aqueous NH4Cl (20 mL) at -78 ºC and extracted 
with CH2Cl2 (3 x 50 mL). The organic layer was washed with 
brine, dried (Na2SO4) and the solvent was removed under re-
duced pressure. The residue was purified by flash column chro-
matography eluting with EtOAc/hexane 3:7 to produce 1a 
(61%). 
Prepared through method A. [D20 -175 (c 0.5, acetone); 1H 
[]D20 -114.7 (c 4.0, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
7.95 (dt, J 7.1 and 1.3 Hz, 1H), 7.56 – 7.51 (m, 2H), 7.43 (dd, J 
4.3 and 1.4 Hz, 3H), 7.25 – 7.18 (m, 2H), 4.70 (d, J 5.9 Hz, 2H), 
4.65 (d, J 1.8 Hz, 2H), 3.37 (s, 3H), 2.32 (s, 3H); 13C NMR  (75 
MHz, CDCl3): δ 143.9, 141.6, 141.0, 135.6, 130.8, 129.6, 128.9, 
125.3, 125.3, 125.0, 95.6, 65.4, 55.4, 21.0; HRMS (ESI-TOF) 
m/z: [M+H]+ Calcd. for C16H19O3S 291.1054; Found 291.1054.  
 
General Procedure for the Alkynylation Reactions. 
Over a solution of LDA previously prepared from n-BuLi (2M 
in hexanes, 1.2 equiv) and diisopropylamine (2.2 equiv) in THF 
(10 mL) at -78 ºC, a solution of sulfoxide 1a (1 equiv) in THF 
(10 mL) was added. After 20 min, a solution of corresponding 
sulfone 2 (1.1 equiv) in THF (10 mL) was added via cannula. 
When the reaction was complete (TLC), a saturated aqueous 
NH4Cl (10 mL) was added and the mixture was extracted with 
CH2Cl2 (3 x 20 mL). The organic extract was washed with 
brine, dried (Na2SO4) and the solvent was removed under re-
duced pressure. The residue was purified by flash column chro-
matography using as eluent a mixture of EtOAc/hexane as indi-
cate in each case, to produce 3. 
 
 (R,SS)-1-(1-(Methoxymethoxy)-3-phenylprop-2-ynyl)-2-(p-
tolylsulfinyl)benzene 3a. The product was obtained as single 
diasteromer following the standard procedure from 1a (200 mg, 
0.69 mmol) and sulfone 2a19 and was purified by flash column 
chromatography using a mixture of EtOAc/hexane 5:95 as elu-
ent. Yellow oil (183 mg, 68% yield, d.r. >98:<2). 
[ D20 -190.8 (c 2.0, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
8.03-7.96 (m, 1H), 7.78-7.72 (m, 1H), 7.60-7.49 (m, 4H), 7.36-
7.23 (m, 5H), 7.18 (d, J 8.3 Hz, 2H), 6.04 (s, 1H), 5.09 and 4.69 
(AB system, 2H), 3.46 (s, 3H), 2.28 (s, 3H); 13C NMR (75 MHz, 
CDCl3): δ 143.6, 142.3, 141.5, 137.2, 131.9, 131.6, 130.1, 130.0 
128.9, 128.4, 128.3, 125.8, 125.3, 122.1, 94.1, 88.2, 85.9, 63.7, 
56.3, 21.4; HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for 




thyl)benzene 3b. The product was obtained as single diastere-
omer following the standard procedure from 1a (180 mg, 0.62 
mmol) and sulfone 2b8b and was purified by preparative thin 
layer chromatography using a mixture of EtOAc/hexane 5:95 as 
eluent. Colorless oil (202 mg, 62% yield, d.r. 98:2). This prod-
uct is photo sensible and must be kept in the dark. 
1H NMR (300 MHz, CDCl3): δ 8.03-7.89 (m, 2H), 7.71 (s, 1H), 
7.58-7.40 (m, 4H), 7.32 (d, J 8.1 Hz, 2H), 6.83 (s, 1H), 6.76 (dd, 
J 7.9 and 1.2 Hz, 2H), 4.87 and 4.63 (AB system, 2H), 3.27 (s, 
3H), 2.42 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 151.3, 145.7, 
143.7, 142.6, 140.3, 136.5, 134.9, 134.3, 131.9, 131.0, 130.52, 




ynyl)-2-(p-tolylsulfinyl)benzene 3c. The product was obtained 
as single diastereomer following the standard procedure from 
1a (200 mg, 0.69 mmol) and sulfone 2c20 and was purified by 
preparative thin layer chromatography using a mixture of 
EtOAc/hexane 1:9 as eluent. Colorless oil (131 mg, 45% yield, 
d.r. 98:2). 
[]D20 -170.0 (c 2.7, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
8.07 (t J 1.8 Hz, 1H), 8.02-7.95 (m, 3H), 7.76-7.68 (m, 2H), 
7.32 (d, J 8.1 Hz, 2H), 7.19 (d, J 4 Hz, 4H) 6.00 (s, 1H), 5.08 
and 4.68 (AB system, 2H), 3.45 (s, 3H), 2.42 (s, 3H); 13C NMR 
(75 MHz, CDCl3): δ 143.5, 142.1, 141.3, 133.0, 131.5, 130.0, 
129.9, 129.8, 128.6, 128.2, 125.8, 125.7, 125.4, 124.1, 120.5, 
100.2, 94.0, 86.9, 63.7, 56.2, 23.2; HRMS (ESI-TOF) m/z: 






2-ynyl)-2-(p-tolylsulfinyl)benzene 3d. The product was ob-
tained as single diastereomer following the standard procedure 
from 1a (235 mg, 0.81 mmol) and sulfone 2d19 and was purified 
by flash column chromatography using a mixture of 
EtOAc/hexane 1:9 as eluent. White solid (232 mg, 68% yield, 
d.r. 96:4). 
[]D20 -196.0 (c 2.7, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
8.02-7.93 (m, 1H), 7.76-7.70 (m, 1H), 7.62-7.46 (m, 4H), 7.26 
(dd, J 7.9 and 6.2 Hz, 2H), 7.18 (d, J 8.0 Hz, 2H), 6.80 (dd, J 
9.3 and 2.3 Hz, 2H), 6.03 (s, 1H), 5.09 and 4.68 (AB system, 
2H), 3.79 (s, 3H), 3.46 (s, 3H), 2.29 (s, 3H); 13C NMR (75 MHz, 
CDCl3): δ 159.9, 143.6, 142.2, 141.3, 137.3, 133.3, 131.5, 
129.9, 129.8, 128.2, 125.7, 125.4, 125.2, 113.8, 93.9, 88.2, 84.5, 
63.8, 56.2, 55.3, 21.3; HRMS (ESI-TOF) m/z: [M+H]+ Calcd. 
for C25H25O4S 421.1473; Found 421.1469. 
 
(R,SS)-3-(3-(Methoxymethoxy)-3-(2-(p-
tolylsulfinyl)phenyl)prop-1-ynyl)thiophene 3e. The product 
was obtained as single diastereomer following the standard pro-
cedure from 1a (240 mg, 0.82 mmol)and sulfone 2e19 and was 
purified by preparative thin layer chromatography using a mix-
ture of EtOAc/hexane 1:9 as eluent. Yellow oil (164 mg, 50% 
yield, d.r. >98:<2). 
[ D20 -100 (c 1.1, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.02 
– 7.96 (m, 1H), 7.76 – 7.71 (m, 1H), 7.61 – 7.48 (m, 4H), 7.38 
(dd, J 3.0 and 1.2 Hz, 1H), 7.29 – 7.16 (m, 3H), 7.01 (dd, J 5.0 
and 1.2 Hz, 1H), 6.03 (s, 1H), 5.08 and 4.68 (AB system, 2H), 
3.46 (s, 3H), 2.30 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 143.5, 
142.1, 141.3, 137.0, 131.5, 129.9, 129.7, 129.6, 128.1, 125.6, 
125.3, 94.0, 85.5, 83.3, 63.7, 56.2, 21.3; HRMS (ESI-TOF) m/z: 
[M+H]+ Calcd. for C22H21O3S2 397.0932; Found 397.09468. 
 
 (R,SS)-2-(3-(Methoxymethoxy)-3-(2-(p-
tolylsulfinyl)phenyl)prop-1-ynyl)naphthalene 3f. The prod-
uct was obtained as single diastereomer following the standard 
procedure from 1a (200 mg, 0.69 mmol)and sulfone 2f21 and 
was purified by crystallization from hexane-CH2Cl2. White 
solid (162 mg, 60% yield, d.r. 97:3). 
[]D20 -208.4 (c 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
8.07-7.98 (m, 1H), 7.84 (s, 1H), 7.82-7.70 (m, 4H), 7.63-7.53 
(m, 4H), 7.48 (dq, J 7.5 and 4.2 Hz, 2H), 7.35 (dd, J = 8.3 and 
1.7 Hz, 1H), 7.18 (d, J 7.9 Hz, 2H), 6.09 (s, 1H), 5.13 and 4.72 
(AB system, 2H), 3.48 (s, 3H), 2.24 (s, 3H); 13C NMR (75 MHz, 
CDCl3): δ 143.5, 142.2, 141.4, 137.1, 133.0, 132.8, 131.9, 
131.6, 129.9, 128.2, 127.9, 127.7, 126.9, 126.6, 125.8, 125.2, 
119.2, 94.1, 88.4, 86.1, 63.7, 56.3, 21.3; HRMS (ESI-TOF) m/z: 
[M+H]+ Calcd. for C28H25O3S 441.1524; Found 441.1524. 
 
(R,SS)-Triisopropyl(3-(methoxymethoxy)-3-(2-(p-
tolylsulfinyl)phenyl)prop-1-ynyl)silane 3h. The product was 
obtained as single diastereomer following the standard proce-
dure from 1a (220 mg, 0.75 mmol)and sulfone 2h22 and was 
purified by flash column chromatography using a mixture of 
EtOAc/hexane 1:9 as eluent. Yellow oil (232 mg, 65% yield, 
d.r. >98:<2). 
[]D20 -233.7 (c 0.8, CHCl3); 1H NMR (300 MHz, CDCl3): δ 
7.98-7.89 (m, 1H), 7.78-7.68 (m, 1H), 7.57-7.45 (m, 4H), 7.26-
7.15 (m, 2H), 5.87 (s, 1H), 5.10 and 4.65 (AB system, 2H), 3.44 
(s, 3H), 2.33 (s, 3H), 1.01-0.98 (m, 21H); 13C NMR (75 MHz, 
CDCl3): δ 143.5, 142.4, 141.4, 137.0, 131.5, 130.1, 128.8, 
125.5, 124.8, 103.6, 93.9, 90.0, 63.4, 56.3, 21.4, 18.6, 11.2; 
HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for C27H39O3SSi 
471.2311; Found 471.2300. 
 
General Procedure for the Quaternization of Sulfoxides 3.  
 
To a stirred solution of the protected alcohol 3 (50 mg, 0.23 
mmol, 1 equiv) and 18-crown-6 ether (1.3 equiv, when was nec-
essary) in THF (6 mL) at -78 ºC under argon atmosphere, 
KHMDS (1 M in THF) (280 μL, 1.2 equiv) was added. After 10 
min a solution of alkyl bromide 4 (0.3 mmol, 1.4 equiv) in THF 
(2 mL) was added. When the reaction was complete (TLC), a 
saturated aqueous NH4Cl was added and the mixture was ex-
tracted with CH2Cl2. The organic phase was dried (Na2SO4) and 
evaporated under vacuum. The residue was purified by flash 





The product was obtained as 80:20 diastereomeric mixture fol-
lowing the standard procedure from 3a and benzyl bromide 4a 
and was purified by preparative thin layer chromatography us-
ing a mixture of EtOAc/hexane 15:85 as eluent.  
 
Major diastereomer: Yellow oil (46 mg, 56% yield) [α]D20 -
211 ( c 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.20 (dd, J 
8.4 and 1.3 Hz, 1H), 7.64 (d, J 7.0 Hz, 1H), 7.60-7.47 (m, 2H), 
7.46-7.25 (m, 6H), 7.25-7.13 (m, 6H), 7.07-6.96 (m, 2H), 5.08 
and 5.02 (AB system, 2H), 3.37 (s, 3H), 3.06 and 2.85 (AB sys-
tem, 2H), 2,32 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 143.8, 
143.7, 140.62, 140.00, 135.2, 131.6, 131.0, 129.9, 129.6, 129.3, 
129.0, 128.6, 128,4, 127.5, 126.9, 126.7, 126.3, 121.9, 93.3, 
92.31, 86.7, 82.8, 55.4, 49.4, 21.3. HRMS (ESI-TOF) m/z: 
[M+H]+ Calcd. for C31H29O3S 481.1837; Found 481.1827. 
Minor diastereomer: Yellow oil (11 mg, 14% yield); 1H NMR 
(300 MHz, CDCl3): δ 8.24 (dd, J = 8.2 and 1.4 Hz, 1H), 7.62-
7.53 (m, 2H), 7.52-7.44 (m, 3H), 7.41-7.30 (m, 4H), 7.27-7.18 
(m, 3H), 7.17-7.07 (m, 3H), 7.03-6.95 (m, 2H), 5.30 and 4.40 
(AB system, 2H), 3.76 and 3.69 (AB system, 2H), 3.35 (s, 3H), 
2.36 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 143.6, 143.5, 
141.42, 140.00, 136.9, 131.6, 131.4, 129.2, 129.1, 129.0, 128.9, 
128.6, 128,3, 127.4, 126.8, 126.6, 126.2, 122.0, 93.5, 93.0, 86.5, 
82.6, 55.2, 49.2, 21.1.  
 
(S,SS)-1-(2-(Methoxymethoxy)-1-(3-methoxyphenyl)-4-




product was obtained as 80:20 diastereomeric mixture  follow-
ing the standard procedure from 3a and 3-methoxybenzyl bro-
mide 4b and was purified by preparative thin layer chromatog-
raphy using a mixture of EtOAc/hexane 15:85 as eluent.  
Major diastereomer: Yellow oil (44 mg, 68% yield), [α]D20 -
261 (c 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.20 (dd, J 
8.1 and 1.6 Hz, 1H), 7.60 -7.49 (m, 4H), 7.41-7.33 (m, 1H), 7.32 
- 7.16 (m, 8H), 7.08 (q, J  7.3 and 6.7 Hz, 1H), 6.79-6.72 (m, 
1H), 6.61 (d, J 7.5 Hz, 1H), 6.53 (dd, J 2.7 and 1.5 Hz, 1H), 
5.11 and 5.04 (AB system, 2H), 3.65 (s, 3H), 3.40 (s, 3H), 3.05 
and 2.83 (AB system, 2H), 2.33 (s, 3H); 13C NMR (75 MHz, 
CDCl3): δ 158.8, 143.3, 142.9, 141.3, 141.0, 136.9, 131.5, 
130.3, 129.7, 129.1, 128.8, 128.7, 128.3, 128.3, 127.1, 126.7, 
123.6, 121.9, 116.5, 112.8, 94.1, 91.2, 88.2, 80.6, 56.6, 55.0, 
50.1, 21.4; HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for 
C32H31O4S 511.1943; Found 511.1941.  
 
(S,SS)-4-(2-(Methoxymethoxy)-4-phenyl-2-(2-(p-
tolylsulfinyl)phenyl)but-3-ynyl)benzonitrile 5c/5c´. The 
product was obtained as 86:14 diasteromeric mixture  following 
the standard procedure from 3a and 4-(bromomethyl)benzo-
nitrile 4c and was purified by preparative thin layer chromatog-
raphy using a mixture of EtOAc/hexane 15:85 as eluent.  
Major diastereomer: Yellow oil (46 mg, 71% yield), [α]D20 -
272 (c, 2.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.16 (dd, J 
8.2 and 1.4 Hz, 1H), 7.60-7.45 (m, 7H), 7.41 (td, J 7.4 and 1.4 
Hz, 1H), 7.35-7.29 (m, 1H), 7.29-7.14 (m, 7H), 5.08 and 5.02 
(AB system, 2H), 3.36 (s, 3H), 3.15 and 3.00 (AB system, 2H), 
2.34 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 143.1, 142.9, 141.4, 
141.1, 140.7, 131.9, 131.4, 131.2, 130.7, 129.7, 129.5, 129.1, 
128.4, 128.0, 127.3, 126.9, 121.4, 118.9, 110.7, 94.2, 91.8, 87.6, 
79.7, 56.7, 50.2, 21.3; HRMS (ESI-TOF) m/z: [M+H]+ Calcd. 
for C32H28NO3S 506.1789; Found 506.1786. 
 
(S,SS)-1-(2-(Methoxymethoxy)-4-(4-methoxyphenyl)-1-
phenylbut-3-yn-2-yl)-2-(p-tolylsulfinyl)benzene 5d/5d´. The 
product was obtained as 70:30 diastereomeric mixture  follow-
ing the standard procedure from 3d and benzyl bromide 4a and 
was purified by preparative thin layer chromatography using a 
mixture of EtOAc/hexane 15:85 as eluent. 
Major diastereomer: Yellow oil (30 mg, 50% yield), [α]D20 -
289 (c, 0.68, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.20 (dd, 
J 8.0 and 1.4 Hz, 1H), 7.61-7.53 (m, 2H), 7.52-7.39 (m, 3H), 
7.35 (dd, J 7.9 and 1.4 Hz, 1H), 7.28-7.17 (m, 3H), 7.16-7.06 
(m, 3H), 6.98 (dd, J 7.5 and 2.0 Hz, 2H), 6.92-6.84 (m, 2H), 
5.31 and 4.40 (AB system, 2H) 3.83 (s, 3H), 3.78 and 3.69 (AB 
system, 2H), 3.35 (s, 3H), 2.36 (s, 3H); 13C NMR(75 MHz, 
CDCl3): δ 158.7, 143.2, 142.9, 141.3, 141.0, 136.9, 131.5, 
130.3, 129.7, 129.1, 128.8, 128.7, 128.3, 128.3, 127.1, 126.7, 
123.6, 121.9, 116.5, 112.8, 94.1, 91.2, 88.2, 80.6, 56.6, 55.0, 
50.1, 21.4. HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for 




ynyl)silane 5e. The product was obtained as >98:2 diaster-
omeric mixture following the standard procedure from 3h and 
3-methoxybenzyl bromide 4e and was purified by preparative 
thin layer chromatography using a mixture of EtOAc/hexane 
15:85 as eluent.  
Major diastereomer: Colorless oil (32 mg, 51% yield), [α]D20 
-140 (c, 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.25 (dd, 
J 7.9 and 1.4 Hz, 1H), 7.57 (dd, J 7.2 and 5.5 Hz, 2H), 7.54-
7.45 (m, 2H), 7.33 (t, J 7.8 Hz, 1H), 7.29-7.20 (m, 2H), 7.04 (t, 
J 7.9, 1H), 6.73-6.68 (m, 1H), 6.59 (d, J 7.4 Hz, 1H), 6.37-6.29 
(m, 1H), 5.12 and 5.00 (AB system, 2H), 3.64 (s, 3H), 3.40 (s, 
3H), 2.87 and 2.56 (AB system, 2H), 2.35 (s, 3H), 1.09-1.02 (m, 
21H); 13C NMR (75 MHz, CDCl3): δ 158.7, 143.4, 142.8, 141.5, 
140.9, 136.9, 130.0, 129.8, 129.3, 128.9, 128.3, 127.2, 126.4, 
123.6, 116.8, 112.2, 105.0, 94.1, 93.2, 81.4, 56.6, 55.0, 49.9, 
21.4, 18.5, 11.2; HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for 
C35H47O4SSi 591.2964; Found 591.2956. 
 
(S,SS)-1-(3-(Methoxymethoxy)-1-phenylhepta-1,5-diyn-3-
yl)-2-(p-tolylsulfinyl)benzene 5f/5f´. The product was ob-
tained as an inseparable 55:45 diasteromeric mixture (29 mg, 
52% yield) following the standard procedure from 3a and 1-
bromo-2-butyne 4f and was purified by preparative thin layer 
chromatography using a mixture of EtOAc/hexane 15:85 as el-
uent.  
 
Diastereomeric mixture (55:45): Yellow oil, [α]D20 -120 (c, 
2.0, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.13 (dd, J 7.6 and 
1.8 Hz, 1H), 8.02-7.94 (m, 1H), 7.92-7.87 (m, 1H), 7.84-7.77 
(m, 1H), 7.63-7.42 (m, 13H), 7.39-7.25 (m, 6H), 7.25-7.13 (m, 
4H), 5.45 and 4.89 (AB system, 2H), 5.38 and 4.59 (AB system, 
2H), 3.47 (s, 3H), 3.46 (s, 2H), 3.43-3.32 (m, 1H), 3.21-2.98 (m, 
3H), 2.34 (d, J 5.1 Hz, 6H), 1.75 (bs, 5H); 13C NMR (75 MHz, 
CDCl3): δ 145.0, 144.6, 143.9, 140.7, 140.5, 140.3, 132.0, 
132.0, 130.5, 130.3, 129.7, 129.6, 129.6, 129.5, 129.1, 129.0, 
128.5, 128.4, 127.9, 127.7, 127.2, 126.7, 126.1, 126.0, 125.1, 
121.9, 93.6, 93.4, 90.7, 90.5, 87.5, 87.2, 80.8, 80.2, 79.6, 78.0, 
74.2, 74.0, 57.0, 56.8, 35.3, 33.8, 21.4, 21.3. HRMS (ESI-TOF) 
m/z: [M+H]+ Calcd. for C28H27O3S 443.1680; Found 443.1681. 
 
(S,SS)-1-(3-(Methoxymethoxy)-1-phenylhex-5-en-1-yn-3-
yl)-2-(p-tolylsulfinyl)benzene 5g/5g´. The product was ob-
tained as an inseparable 70:30 diasteromeric mixture (35 mg, 
64% yield) following the standard procedure from 3a and allyl 
bromide 4g and was purified by preparative thin layer chroma-
tography using a mixture of EtOAc/hexane 15:85 as eluent.  
Diastereomeric mixture (70:30): Yellow oil; 1H NMR (300 
MHz, CDCl3): δ 8.23-8.05 (m, 2H), 7.73 (dd, J 7.3 and 1.8 Hz, 
1H), 7.61-7.37 (m, 12H), 7.35-7.11 (m, 8H), 5.89-5.66 (m, 1H), 
5.27-5.20 (d, J 6 Hz, 1H), 5.10-4.85 (m, 2H), 4.74-4.63 (d, J 5 
Hz, 1H), 3.53-3.39 (m, 3H), 2.35 (m, 3H); 13C NMR (75 MHz, 
CDCl3): δ 146.0, 143.6, 143.9, 140.7, 140.5, 140.3, 132.0, 
132.0, 130.5, 130.3, 129.7, 129.6, 129.6, 129.5, 129.1, 129.0, 




121.9, 93.6, 93.4, 90.7, 90.5, 80.8, 80.2, 79.6, 78.0, 74.2, 74.0, 
57.0, 56.8, 48.8, 48. 6, 35.3, 33.8, 21.4, 21.3; HRMS (ESI-TOF) 
m/z: ([M+H]+ Calcd. for C27H27O3S 431.1680; Found 431.1681. 
 
 (S,SS)-1-(2-(Methoxymethoxy)-4-phenylbut-3-yn-2-yl)-2-
(p-tolylsulfinyl)benzene 5h/5h´. The product was obtained as 
80:20 diastereomeric mixture following the standard procedure, 
without 18-crown-6 ether, from 3a and methyl iodide and was 
purified by preparative thin layer chromatography using a mix-
ture of EtOAc/hexane 15:85 as eluent. 
Major diastereomer: Colorless oil (29 mg, 56% yield), [α]D20 
-220 (c 1.0, CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.00-7.95 
(m, 1H), 7.67-7.62 (m, 1H), 7.57-7.50 (m, 2H), 7.49-7.41 (m, 
4H), 7.38-7.23 (m, 6H), 7.22-7.14 (m, 3H), 5.43 and 4.79 (AB 
system, 2H), 3.40 (s, 3H), 2.34 (s, 3H), 1.96 (s, 3H); 13C NMR 
(75 MHz, CDCl3): δ 142.2, 144.0, 142.8, 140.4, 132.0, 130.8, 
129.6, 128.9, 128.4, 128.3, 128.0, 126.0, 125.5, 122.1, 94.5, 
93.3, 89.1, 75,4, 56.2, 29.7, 21.4; HRMS (ESI-TOF) m/z: 
[M+H]+ Calcd. for C25H25O3S 405.1524; Found 405.1525. 
 
(S,SS)-Triisopropyl-3-(methoxymethoxy)-3-(2-(p-
tolylsulfinyl)phenyl)hepta-1,5-diyn-1-yl)silane 5i/5i´. The 
product was obtained as 91:9 diastereomeric mixture following 
the standard procedure with 18-crown-6 ether, from 3h and 1-
bromo-2-butyne 4f and was purified by preparative thin layer 
chromatography using a mixture of EtOAc/hexane 15:85 as el-
uent. 
Major diastereomer: Colorless oil (36 mg, 66% yield), [α]D20 
-63.81 (c 0.83, CHCl3); 1H NMR (300 MHz, CDCl3) δ 8.12 (dd, 
J = 7.8, 1.7 Hz, 1H), 7.91 (dd, J = 7.7, 1.7 Hz, 1H), 7.56 – 7.39 
(m, 4H), 7.18 (d, J = 7.9 Hz, 2H), 5.35 and 4.44 (AB system, 
2H), 3.40 (s, 3H), 3.27 (dq, J = 16.4, 2.4 Hz, 1H), 3.13 (dq, J = 
16.1, 2.4 Hz, 1H), 2.33 (s, 3H), 1.74 – 1.63 (m, 4H), 1.12 (s, 
21H). 13C NMR (75 MHz, CDCl3) δ 144.5, 144.2, 140.1, 139.9, 
129.9, 129.4, 129.3, 128.1, 126.3, 125.9, 104.5, 93.1, 92.6, 81.2, 
79.7, 73.9, 56.7, 35.4, 21.2, 18.5, 11.1. HRMS (ESI-TOF) m/z: 
[M+H]+ Calcd. for C31H43O3SSi 523.2702; Found 523.2698. 
General Procedures for the Cleavage of MOM Group of 3. 
Method A.14a To a stirred solution of 3 (80 mg, 0.2 mmol, 1 
equiv) in CH2Cl2 (5 mL) cooled at 0 ºC ZnBr2 (66 mg, 0.3 mmol, 
1.5 equiv) and n-PrSH (53 μL, 0.6 mmol, 3 equiv) were added. 
The mixture was stirred at 0 ºC for 20 min and at room temper-
ature until the reaction was completed (TLC). The mixture was 
diluted with CH2Cl2 (10 mL) and a saturated solution of Na-
HCO3 (5 mL) was added. The organic layer was washed with 
brine, dried (Na2SO4) and the solvent was evaporated. The res-
idue was purified by flash column chromatography using a mix-
ture of EtOAc/hexane as eluent. 
Method B.14b To a stirred solution of 3 (40 mg, 0.2 mmol, 1 
equiv) and 2,2’-bipyridyl (468 mg, 0.3 mmol, 3 equiv) in 
CH2Cl2 (5 mL) cooled at 0 ºC under argon atmosphere TMSOTf 
(363 μL, 0.2 mmol, 2 equiv) were added. The mixture was 
stirred at 0 ºC for 30 min and at room temperature until the re-
action was completed (TLC). Then, the mixture was diluted 
with water (5 mL) and CH2Cl2 (5 mL) until the pyridinium salt 
disappeard (TLC). The mixture was extracted with CH2Cl2, 
dried (Na2SO4) and the solvent was evaporated. The residue was 
purified by flash column chromatography using a mixture of 
EtOAc/hexane as eluent.     
 
(R,SS)-3-Phenyl-1-(2-(p-tolylsulfinyl)phenyl)prop-2-yn-1-ol 
6a. The product was obtained following the general procedure 
A or B from 3a and was purified by flash column chromatog-
raphy using a mixture of EtOAc/hexane 2:8 as eluent. The prod-
uct is a white solid (46 mg, 65% yield by method A and 25 mg, 
70% by method B). 
Prepared through method A. [D20 -175 (c 0.5, acetone); 1H 
NMR (300 MHz, CDCl3): δ 7.83-7.80 (dd, J 7.5 and 1.5 Hz, 
1H), 7.73 (dd, J 7.8 and 1.5 Hz, 1H), 7.54 (d, J 8.1 Hz, 2H), 
7.43 (dtd, J 21.6, 7.4 and 1.5 Hz, 2H), 7.34-7.21 (m, 5H), 7.16 
(d, J 8.0, 2H), 6.07 (bs, 1H), 3.45 (bs, 1H), 2.27 (s, 3H); 13C 
NMR (75 MHz, CDCl3): δ 142.4, 141.2, 141.1, 139.9, 131.8, 
131.6, 130.1, 129.5, 128.7, 128.3, 128.0, 126.1, 125.5, 122.3, 
88.1, 87.2, 61.3, 21.4. HRMS (ESI-TOF) m/z: [M+H]+ Calcd. 
for C22H18O2S 346.1028; Found 346.1035. 
 
(R,SS)-3-(Naphthalen-2-yl)-1-(2-(p-tolylsulfinyl)phenyl) 
prop-2-yn-1-ol 6b. The product was obtained following the 
general procedure A from 3h and was purified by flash column 
chromatography using a mixture of EtOAc/hexane 2:8 as elu-
ent. The product is a white solid (39 mg, 58% yield), mp 125-
127 ºC. 
Prepared through method A. []D20 -170 (c 0.6, acetone); 1H 
NMR (300 MHz, CDCl3): δ 7.99 – 7.69 (m, 7H), 7.64 – 7.43 
(m, 7H), 7.37 (dd, J 8.5 and 1.6 Hz, 1H), 7.18 (dd, J 8.3 and 3.0 
Hz, 2H), 6.15 (d, J 3.8 Hz, 1H), 4.68 (s, 1H), 3.50 (bs, 1H), 2.25 
(s, 3H); 13C NMR (75 MHz, CDCl3): δ 142.6, 141.7, 141.1, 
139.7, 132.9, 132.7, 131.8, 131.6, 130.0, 129.5, 128.2, 127.9, 
127.8, 127.7, 126.8, 126.6, 126.1, 126.0, 125.7, 119.3, 88.1, 
87.7, 61.5, 21.3; HRMS (ESI-TOF) m/z: [M–H2O] Calcd. for 
C26H19OS 379.1157; Found 379.1158. 
 
General Procedure for the Desulfinylation of Sulfoxides 5.  
To a stirred solution of sulfoxide 5 (0.106 mmol, 1 equiv) in 
THF (10 mL) cooled at -78º C under argon atmosphere a 1.7M 
solution of t-BuLi (0.425 mmol, 4 equiv) was added and the 
mixture was stirred at this temperature for 15 min. When the 
reaction was complete (TLC), a saturated aqueous NH4Cl was 
added and the mixture was extracted with EtOAc. The organic 
phase was dried (Na2SO4) and evaporated. The residue was pu-
rified by preparative thin layer chromatography using a mixture 






7a. The product was obtained (33 mg, 90% yield) following the 
standard procedure from 5a.  
Colorless oil, [α]D20 -36 (c 0.5, CHCl3); 1H NMR (300 MHz, 
CDCl3): δ 7.58 (dt, J 7.6 and 1.7 Hz, 2H), 7.47 – 7.39 (m, 2H), 
7.32 (dd, J 6.2 and 2.3 Hz, 6H), 7.18 (dd, J 4.5 and 2.0 Hz, 3H), 
7.09 (dq, J 5.1 and 1.9 Hz, 2H), 4.88 and 4.79 (AB system, 2H), 
3.46 and 3.19 (AB system, 2H), 3.36 (s, 3H); 13C NMR (75 
MHz, CDCl3): δ 141.8, 136.0, 131.6, 131.1, 128.6, 128.3, 128.0, 
127.9, 127.3, 126.7, 126.5, 122.5, 93.6, 90.2, 87.94, 79.6, 56.3, 
51.59; HRMS (ESI-TOF) m/z: [M+(NH4+)] Calcd. for 
C24H26NO2 360.1963; Found 360.1971. 
 
(R)-(3-(Methoxymethoxy)but-1-yne-1,3-diyl)dibenzene 7b. 
The product was obtained (36 mg, 85% yield) following the 
standard procedure from 5h.  
Colorless oil, [α]D20 -35 (c 0.64, CHCl3); 1H NMR (300 MHz, 
CDCl3): δ 7.76 – 7.67 (m, 2H), 7.52 (dd, J 6.9 and 3.2 Hz, 2H), 
7.35 (qt, J 7.7 and 4.2 Hz, 6H), 4.97 (dd, J 6.3 and 1.8 Hz, 1H), 
4.77 (dd, J 6.4 and 1.8 Hz, 1H), 3.42 (s, 3H), 1.89 (s, 3H); 13C 
RMN (75 MHz, CDCl3) δ 143.6, 140.7, 131.7, 130.7, 129.5, 
128.9, 128.6, 122.1, 92.3, 85.5, 70.4, 32.1.  
 
General Procedures for the Cleavage of MOM Group of 5. 
These compounds were prepared following the general proce-




ol 8a. The product was obtained following the general proce-
dure A or B from 5a (50 mg, 0.104 mmol)and was purified by 
flash column chromatography using a mixture of EtOAc/hex-
ane 2:8 as eluent (27 mg, 60% yield by method A and 23 mg, 
50% by method B). 
Prepared through method A. White solid, [α]D20 -227 (c 1.0, 
CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.29 (dd, J 7.9 and 1.4 
Hz, 1H), 7.73 (dd, J 7.8 and 1.4 Hz, 1H), 7.63 and 7.18 
(AA’BB’ system, 4H), 7.54 (td, J 7.6 and 1.4 Hz, 1H), 7.42 (dd, 
J 7.5 and 2.0 Hz, 3H), 7.32 (tt, J 6.3 and 4.6 Hz, 8H), 3.64 and 
3.39 (AB system, 2H), 2.85 (bs, 1H), 2.32 (s, 3H); 13C NMR 
(75 MHz, CDCl3): δ 144.2, 144.1, 141.6, 140.7, 135.1, 131.7, 
131.2, 130.5, 129.7, 129.5, 128.9, 128.5, 128.2, 127.8, 127.5, 
126.5, 126.3, 122.0, 90.1, 88.8, 75.7, 51.1, 21.3; HRMS (ESI-




8b. The product was obtained following the general procedure 
A or B from 5h (50 mg, 0.123 mmol)and was purified by flash 
column chromatography using a mixture of EtOAc/hexane 2:8 
as eluent (29 mg, 65% yield by method A and 31 mg, 71% by 
method B). 
Prepared through method A. White solid, [α]D20 -226 (c 0.42, 
CHCl3); 1H NMR (300 MHz, CDCl3): δ 8.09 – 8.03 (m, 1H), 
7.70  (dt, J 5.5 Hz and 3.5, 1H) 7.53 and 7.16 (AA’BB’ system, 
4H), 7.47 – 7.34 (m, 4H), 7.41 – 7.36 (m, 2H), 7.31 – 7.24 (m, 
3H), 3.30 (s, 1H), 2.32 (s, 3H), 1.73 (s, 3H); 13C NMR (75 MHz, 
CDCl3): δ 143.7, 143.6, 143.2, 140.7, 131.7, 130.7, 129.5, 
128.9, 128.6, 128.2, 126.8, 126.4, 126.2, 122.1, 92.8, 85.5, 70.6, 
32.4, 21.3. HRMS (ESI-TOF) m/z: [M+H]+ Calcd. for 
C23H21O2S 361.1262; Found 361.1254. 
 
(R)-1,2,4-Triphenylbut-3-yn-2-ol 9a. The product was ob-
tained from 8a (19 mg, 60% yield) following the general proce-
dure for the desulfinylation reactions described previously. 
Colorless oil, [α]D20 +2.05 (c 0.4, CHCl3); 1H NMR (300 MHz, 
CDCl3) δ 7.70 - 7.68 (m, 1H), 7.67 - 7.65 (m, 1H), 7.45 – 7.39 
(m, 3H), 7.39 – 7.37 (m, 1H), 7.36 – 7.30 (m, 4H), 7.28 (dd, J 
= 2.8, 2.0 Hz, 4H), 3.25 (s, 2H).  13C NMR (75 MHz, CDCl3) δ 
144.15, 135.90, 131.65, 131.01, 128.53, 128.29, 128.14, 
127.88, 127.77, 127.03, 125.63, 91.0, 87.35, 73.64, 51.98. 
HRMS (ESI-TOF) m/z: [M-H2O] Calcd. for C22H17 281.1330; 
Found 281.1331. 
 
 (R)-2,4-Diphenylbut-3-yn-2-ol 9b. The product was obtained 
from 8b (26 mg, 84% yield) following the general procedure for 
the desulfinylation reactions described previously. 
Colorless oil, ee 97% by HPLC, [α]D -8.25 [0.4, CHCl3],  (lit.6a 
[α]D +5.2 [2.5, CHCl3] ee 61% for the (S) isomer; lit.6b [α]D -4.0 
[1.85, CHCl3] ee 53%; lit.6c [α]D -6.0 [0.66, CHCl3] ee 86%); 1H 
NMR (300 MHz, CDCl3): δ 7.74 (dd, J 7.5 and 2.0 Hz, 2H), 
7.49 (dt, J 7.2 and 3.4 Hz, 2H), 7.44 – 7.28 (m, 6H), 2.45 (bs, 
1H), 1.88 (s, 3H); 13C NMR (75 MHz, CDCl3): δ 145.8, 131.8, 
128.6, 128.6, 128.4, 128.0, 125.2, 122.8, 92.6, 85.2, 70.6, 33.4. 
HPLC condition: CHIRALCEL OJ 250 x 4.6 mm 10 µm, 10% 
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